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SUMMARY 

Mean  strength  values  and  coefficients  of  variation  obtained  trm 
tensile,  torsion,  shear,  bearing  and  bending  tests  on  thirteen  aluminium 
and  two  magnesium  casting  alloys  are  t^ulated.  Values  of  the  various 
strength  properties  are  plotted,  and  the  degree  of  inter-dependenoe  of 
these  properties  is  examined  and  discussed.  An  estimated  true  mean 
strength  and  ooeffiolent  of  variation  is  diown  fbr  each  alloy  tested. 
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1  Ixitroduotion 


A large  series  of  strength  tests  has  been  completed  on  specimens 
extracted  from  Ug^t  alloy  test  castings  of  a special  pattern,  made  In 
various  li^ht  all^  materials  and  by  several  founders.  In  these  teats, 
material  ffom  various  parts  of  each  casting  ivas  tested  In  tension,  torsion, 
^ear,  bearing  and  bending,  to  obtain  representative  values  of  tiie  strength 
and  strength  variation  fbr  each  material. 

The  detailed  teat  results  have  been  given  in  earlier  papers^  In 
the' present  paper  the  results  of  all  the  tests  are  sunmarlsed  and  discussed. 
Hie  testa  show  that  the  various  strenglh  properties  are  olosely  related, 
but  in  most  cases  the  scatter  of  values  is  wide,  so  that  Individual  values 
of  a given  property  cannot  be  predicted  very  accurately  tram  loiown  values 
of  any  other  property, 

2 Test  Sneoimens 

Hie  test  casting  is  ahovm  on  fig.1  and  the  method  of  extraction  of 
the  test  specimens  on  Fig. 2.  The  various  alloys  tested  are  listed  against 
foundera  in  Tehle  I and  the  number  of  specimens  in  each  set  of  tests  is 
given  in  Table  H.  All  the  oastings  (except  those  to  Specification  BS  L.53, 
made  in  1950)  were  made  in  the  years  19A4*^5  and  all  wore  released  in 
aooordenoe  with  A.I.S.  reciiirements  for  Class  I oastings  in  fbme  at  the 
time.  The  surfaces  of  the  specimens  wore  machined,  so  that  none  of  the 
original  cast  surface  remained  in  the  regions  subjected  to  test. 

The  results  of  the  torsion,  shear,  bending  and  lug  tests  are  directly 
applicable  only  to  specimens  of  the  same  proportions  as  those  tested. 

Additional  tensile  tests  were  made  on  specimens  taken  from  test  bars 
cast  with  the  test  castings.  The  number  of  such  specimens  tested  varied 
from  alloy  to  alloy  and  was  often  as  small  as  throe, 

3 Test  Results 

3.1  Presentation  of  Results 

Mean  teat  values  for  the  various  strength  properties  fbr  each  material 
are  recorded  as  stresses  in  Tables  III  to  X inclusive. 

The  nunber  of  test  results  is  generally  insuffioient  to  warzunt  the 
calculation  of  ooeffioients  of  variation,  except  for  the  tensile  properties 
(see  Table  IV) . 

Table  XI  gives  conservative  estimates  of  true  mean  strength  values 
for  eaoh  material.  These  estimates  are  derived  statistically  fxom  the 
test  results,  on  an  arbltrailly~flxed  probability  of  0.973  that  the  true 
mean  strength  will  not  be  lower  than  the  estijoated  value. 

Table  XI  also  gives  an  estimated  ooeffioient  of  variation  for  each 
property  in  each  material.  These  have  been  fixed  by  jud^aents  based  on 
the  test  evidence,  or  on  generol  experience  there  the  test  evidence  is 
scanty.  No  values  fbr  lug  or  bending  stresses  are  given  in  Table  XI, 
because  of  Ihe  limited  range  of  shapes  to  which  the  test  values  fbr  the 
lug  and  bending  specimens  apply. 

3.2  Proof  Loads 

All  the  proof  stress  values  given,  except  where  otherwise  stated  in 
the  tables,  have  been  datezmlned  from  the  load  at  which  the  load/extension 
curve  departs  trm  linearity  by  the  presoribed  mount. 
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k Discussion 


The  trends  of  material  strength  and  the  relationships  between  the 
various  material  strength  properties  are  examined  empirically  by  a ccm- 
parison  of  the  mean  teat  values  of  the  veu'ious  groups.  This  method  of 
oanparison  of  means  is  perforce  adopted  because  the  test  results  for  the 
various  properties  vary  in  number  and  are  in  general  taken  from  different 
parts  of  different  castings,  so  that  no  point -for>-polnt  comparison  is 
possible.  The  method  has  the  drawback  that  the  means  are  obtained  from 
varying  numbers  of  results  and  are  thus  not  all  of  equal  significance . 

i4-,1  Variation  of  Strength  with  foundry 

The  mean  values  of  0,1^  tensile  proof  stress  t-]  and  of  ultimate 
tensile  stress  f^  for  each  material  from  each  foundry  are  shown  dia- 
grammatically  on  Fig, 3.  This  figure  shows  that  the  difference  in  the 
strength  of  material  in  castings  made  to  the  same  specification  by 
different  founders  is  in  some  oa?es  considerable,  and  that  this  differ- 
ence does  not  always  oorrespor^  to  the  difference  in.  test  bar  strengtii. 

There  is  no  evidence  that  the  castings  from  axy  one  foundry  are  consistently 
high  or  low  in  strength,  and  the  order  of  strength  between  different 
founders  is  sometdmes  reversed  between  the  proof  and  ultimate  strengths. 
Founder  A is  an  apparent  exception,  but  the  castii^s  frcm  this  foundry  were 
possibly  made  to  non-standard  ocanpcteitlons  under  a war-time  concesalon, 
and  the  evidence  from  this  source  is  therefore  doubtfVil, 

■ Differenoe  in  Strength  Between  Different  Parts  of  the  Castings 

In  Table  XII  the  mean  tensile  strengths  of  material  in  various  parts 
of  the  casting  have  been  expressed  in  terms  of  the  mean  tensile  strength 
of  the  material  in  the  barrel. 

There  is  on  the  average  a slight  tendency  for  the  flange  material 
to  be  stror^er  than  the  bosa  and  barrel  material  and  -Biis  teiidenoy  is  mere 
marked  for  the  ultimate  strength  than  for  the  proof  strengtii.  Some  alloys 
^ow  a large  strength  differenoe  between  different  parts  of  the  casting, 
but  the  same  part  is  not  consistently  high  cr  low  for  all  alloys  and  the 
relative  level  of  strength  sometimes  differs  for  the  proof  and  ultimate 
strengths  of  the  same  material, 

k,3  Correlation  Between  the  Various  Strength  Properties 

The  degree  of  intei^dopendence  of  tiie  various  strength  properties  of 
the  cast  material  has  been  examined  by  plotting  liie  mean  strex^th  values 
of  the  various  alloys,  as  shown  on  Figures  4 to  15,  Badi  point  represents 
the  mean  of  all  values  from  the  product  of  a single  foundry  for  one  alloy. 
Mean  lines  have  been  drawn  throu^  the  points , in  the  position  giving 
minimum  scatter  about  the  lines,  and  approximate  limits  are  diown  between 
which  80  per  cent  of  all  mean  values  are  estimated  to  lie.  These  limits, 
quoted  as  a percentage  j are  given  as  'probable  limits  of  error'  in 
Table  nil.  The  equations  cf  the  mean  lines  and  the  correlation  coeffi- 
cients have  been  calculated  and  are  suninariaed  in  Table  XIII.  Idle  high 
value  of  these  ooeffioients  indioates  that  the  various  properties  con- 
sidered are  closely  related,  but  in  many  oases  the  scatter  of  strengtii  is 
too  wide  to  pennit  individual  values  of  one  property  to  be  predicted  from 
individual  values  of  another  with  a useful  degree  of  aoouraoy.  It  is 
emphasised  that  the  oompariaons  made  in  Figs,  k to  15  and  in  Table  Xin 
are  oonparlsons  of  i.iean  values,  so  that  the  scatter  of  individual  values 
would  be  even  wider,  Idle  mean  lines,  conelatlon  ooeffioients  and  limits 
have  been  derived  from  the  aluminium  alloy  results  only,  as  the  results 


Report  No*  Struotures  1^0 


for  magnesium  alloys  are  tco  few  for  this  method  of  analysis  to  be  used. 
Ihe  magnesium  alloy  points  have*  however*  been  added  to  Figs*  k to  15  for 
occparison  with  the  aluminium  alloy  points. 

Some  of  the\ materials*  notably  the  D.T.D.300  and  L.53  alloys*  gave 
results  that  dep^  rddely  from  the  general  trend  (see  Kig*4)  and  these 
ancoaloua  results  hove  been  emitted  in  oaloulatisog  the  positions  of  the 
mean  lines  and  the  probeblo  limits  of  error. 

Variation  of  Bearing  Strength  with  Joint  Proportions 

The  mean  test  values  of  the  proof  bearing  stress  b^^Q  have  been 
plotted  separately  on  Hg.l  1 for  each  of  three  values  of  me  ratio : 

bearing  pin  diameter 
bearing  plate  thickness 


A mean  line  has  been  put  throu^  each  of  tiiese  three  sets  of  points 
and  a mean  line  for  all  points  oombined  Is  also  shown.  The  limits  of  error 
are  shown  for  iiie  combined  results  only*  but  tiiese  limits  have  also  been 
calculated  for  each  set  separately,  and  are  listed  in  Table  XHI. 

The  proof  bearing  stress  b^Q  increases  with  decrease  of  the  ratio 

of  pin  diameter  to  sheet  thickness.  The  values  of  b^Q  for  — * 0.74 

and  1*0  are  respectively  18,5  per  cent  and  6 per  cent  (average)  higher 

than  the  values  at  r = 1,25.  The  proof  bearing  stresses  for  these  oast 

materials  are  considerably  hi^er*  relative  to  the  tensile  proof  stresses* 
than  is  the  oase  with  wreoght  materials, 

4.5  Values  of  the  Elastic  Moduli 


Mean  values  and  coeffioients  of  variation  of  Young's  Modulus*  E*  and 
of  the  torsional  modulus  * G * hove  been  calculated  from  all  the  available 
results*  as  ^ovm  on  Table  XIV.  The  mean  values  of  these  moduli  are  usual 
for  the  respective  materials  but  the  soatter  of  the  values  is  raiiier  wide. 

Values  of  Poisson's  ratio*  calculated  from  the  mean  values  of  the 
elastic  moduli*  are  0,36  for  the  aluminium  alloys  and  0.32^  fbr  the  mag- 
nesim  alloys*  which  are  again  obcrit  the  usual  values. 

4*6  Variability  of  the  Material 

The  variability  of  strenglh  * as  diown  by  the  estimated  true  ooeffi- 
oieirt  of  variation*  V*  differs  fairly  widely  for  the  dlfferexit  alloys 
(see  Table  XI)*  The  mean  values  of  V for  the  individual  results  of  all 
the  alminlm  alloys  are  10*6^  for  t j * 5^  for  t2*  8,5^  for  tc  and 
8*5^  for  f^.  This  drop  in  the  values  fzm  tj  to  tc  is  eixfalDlted  by 
most  of  the  alloys  individually*  In  some  oases  the  ooe^loient  fbr  f^  is 
hlg^*  in  particular  fbr  the  alJLoys  L*53  sxii  D.T.D.300  lAiioh  have  values  of 
V*  for  the  ultimate  tensile  strex)gth*  of  16.5^  and  21  *5^  respectively.  If 
the  values  for  all  alloys  are  assumed  to  belong  to  one  'populatim'  the 
overall  oo  efficient  of  variation  fbr  the  individual  results  of  this  popu- 
lation is  10^  for  both  the  0*1^  proof  strex^th  4|  and  the  ultimate 
strength  f^.  The  xasnber  of  magnesium  alloys  tested  is  too  few  to  show 
any  general  trend  of  varlehlUty  or  lAiether  these  alloys  differ  in  vari- 
ability from  the  aluminium  alloys* 
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5 Conclusions 

The  madn  points  Aoim  by  this  series  of  tests  are  summarised  below. 


Comparison  on  the  test  bar  tensile  properties  with  casting  tensile 
properties  and  of  the  various  mechanioal  properties  amongst  themselves 
shews  that  all  these  properties  are  closely  linked,  though  the  scatter  of 
values  is  wide.  Correlation  is  highest  for  the  relationship  between  the 
tensile  proof  stresses  t-j  and  t2,  ana  lowest  for  the  relationship 
between  the  ultimate  torsional  strength  and  the  ultimate  tensile 

strength  No  regular  trends  have  boOT^found  in  ttie  scatter,  except 

that  ij^eneral  the  0,5%  tensile  proof  stress  tc  is  less  variable  than 
the  0,2^proof  stress  t£,  vihioh  in  turn  is  lass  variable  than  the  0,1^ 
proof  stress  t^ , As  a consequence  of  the  wide  scatter,  the  value  of  any 
one  property  of  a material  can  be  only  approximately  estimated  from  a 
knowledge  of  a value  of  some  other  property.  For  some  pairs  of  properties, 
the  aocuraoy  of  prediction  of  one  from  the  other  is  too  low  for  praotioal 
use,,  e.g,  from  tj . 

The  mean  values  of  the  elastic  moduli  are  usual  for  those  alloys , but 
their  variance  is  again  rather  wide. 


The  values  of  the  1,0^  bearing  proof  stress  b.Q  are  higher,  relative 


to  the  tensile  proof  stress  t^  than  is  the 
The  value  of  the  proof  bearing  strength  b^Q 
pin  dlametar 


10 

case  with  wrought  materials, 
increases  with  decrease  of 


the  ratio  of 


bearing  plate  thickness 


within  the  range  tested. 


No  oonsistent  trends  of  strength  with  foundry  have  been  discovered. 
There  is  some  evidence  that  the  flanged  parts  of  the  casting  are  stronger 
than  the  boss  and  barrel. 


The  above  conclusions  are  based  on  the  results  of  the  tests  on  the 
aluminium  alloys,  as  the  tests  on  the  magnesium  alloys  are  too  few  in 
number  for  trends  to  be  examined.  It  is,  however,  possible  to  make  a 
limited  comparison  between  the  magnesium  alloy  and  aluminium  alloy  results, 
and  this  comparison  suggests  that  the  trends  for  magnesium  alloys  are  the 
same  as  for  aluminium  alloys. 
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LIST  OF  SYMBOIS 


^=1 

tons/sq  in 

0,15?  proof  stress  in  tension 

) 

*2 

tons/sq  in 

0,29s  proof  stress  in  tension 

) Elongation  based 
on  gauge  length 

*5 

tons/sq  in 

0,59s  proof  stress  in  tension 

t 

I 

ft 

tons/sq  in 

ultimate  stress  in  tension 

E 

Ib/sq  in  X 10^ 

Young’s  Modulus  in  tension 

e 

% 

elongation  at  fracture 

tons/sq  in 

proof  stress  in  torsion  (defined  in  A.P.970,  Vol,2, 
Leaflet  W/5),  (Calculated  on  1die  assumption 
that  stress  is  proportional  to  distance  from 
centre.) 

tons/sq  in 

ultimate  stress  in  torsion.  (Calculated  on  the 
assumption  that  stress  is  proportional  to  dis- 
tance from  centre.) 

G 

Ib/sq  in  x 10^ 

Modulus  of  rigidity 

fs 

tons/sq  in 

ultimate  ^ear  stress 

No 

tons/sq  in 

1,0^  proof  stress  in  bearing, 
pin  dimeter.) 

(Elongation  based  on 

No 

tons/sq  in 
tons/sq  in 

1 ,09s  proof  stress  ) Lug  stresses  isith  suffix  T or  S 
) indicating  tension  or  shear, 
ultimate  stress  ) Elongation  based  on  pin  diameter 

=0.5 

tons/sq  in 

0,59?  proof  stress  in  bending  1 

N 

tons/sq  in 

1 ,09?  proof  stress  in  bending  ) 

Elongation  based  on 
surface  strain 

^2 

tons/sq  in 

2,09?  proof  stress  in  bending  ) 

Bp 

tons/sq  in 

ultimate  stress  in  bending 

X 

individual  test 

result 

n 

number  of  test  results  in  group 

X 

mean  value  from 

a group  of  test  results  fx  = 

I 


coefficient  of  variation  for  a group  of  test  results 


E(x-x)^ 

n-1 


estimated  true  mean  value  (see  para,3>l) 

estimated  true  ooeffioient  of  variation  (see  para.3»1) 
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No. 

Author 

Title,  eto. 

1 

P.  Clifton 
and 

A.J.  Beard 

Analyais  of  Strength  Tests  on  Aluninium  Silioon 
Alloy  Castli)gs  to  Speoifioation  B,S.S»2  L.33 
RAE  Report  No,  Stxuotures  105,  April  1951 

2 

E.L.  Ripley 
aid 

P,  Clifton 

Analysis  of  Strength  Tests  on  Alimriwiimi  Alloy 
Sand  Castings  to  Speoifioation  D.T.D.287 
RAE  Tech  Note  No,  Struetures  JB,  Noveinber  1951 

3 

P.  Clifton 

Analysis  of  Strength  Teats  on  Aluminium  Alloy 
Sand  Castings  to  Speoifioation  E.T.D,135B 
RAE  Teoh  Note  No,  Structures  82,  Apxdl  1952 

k 

P,  Clifton 

Analysis  of  Strength  Tests  on  Aluminium  Alloy 
Sand  Castings  to  Speoifioation  D,T.D,298 
RAE  Teoh  Note  No,  Stnictures  83,  March  1952 

5 

P.  Clifton 

Analysis  of  Strength  Tests  on  Aluminium  Alloy 
Sand  Castings  to  Speoifioation  D,T.D,304 
R/  K Tech  Note  No,  Structures  84,  April  1952 

6 

P.  Clifton 

Analysis  of  Strength  Tests  on  Magnesium  Alloy 
Sand  Castings  to  Speoifioation  D.T.D, 289 
RAE  Teoh  Note  No.  Structures  86,  April  1952 

7 

P.  Clifton 

Analysis  of  Strength  Tests  on  Magnesium  Alloy 
Sand  Castings  to  Speoifioation  D,T,D,281 
RAE  Teoh  Note  No,  Structures  94,  July  1952 

8 

P.  Clifton 

Analysis  of  Strength  Tests  on  Aluminium  Alloy 
Sand  Castings  to  Specification  D.T.D,  424 
RAE  Tech  Note  No,  Structures  95,  July  1952 

9 

P,  Clifton 

Analysis  of  Strength  Tests  on  Aluminium  Alloy 
Sand  Castings  to  Specification  D.Tl), 255 
RAE  Teoh  Note  No,  Stnictures  9^,  July  1952 

10 

P.  Clifton 

Analysis  of  Strength  Tests  on  Aluminium  Alloy 
Sand  Castings  to  Specif ioatlon  D,T  ,D,  245 
RAE  Teoh  Note  No,  Structures  97,  July  1952 

11 

P,  Clifton 

Analysis  of  Strength  Tests  on  Alnltl^w^nm  Alloy 
Sand  Castings  to  Speoifioation  D.T.D, 165 
RAE  Tech  Note  No,  Structures  98,  July  1952 

12 

P,  Clifton 

Analysis  of  Strength  Tests  on  Aluminium  Alloy 
Sand  Castings  to  Specification  D.TJ), 250 
RAE  Teoh  Note  No,  Structures  99,  July  1952 

13 

P.  Clifton 

Analysis  of  Strength  Testa  on  Aluminium  Alloy 
Sand  Castings  to  Speoifioation  D.T,D,  240 
RAE  Tech  Note  No,  Stxuetures  105,  July  1952 

P.  Clifton 

Analysis  of  Strength  Tests  on  Aluminium  Alley 
Sand  Castings  to  Speoifioations  D,T,D,300  and 
B,S.  L.53 

RAE  Teoh  Note  No,  Structures  110,  Januaxy  1953 
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TABES  I 

Distribution  of  Alloys  Between  Founders 


Pounders 


-I 
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TABIE  II 


Tests  and  Teat  Specimens 


Test 

Tension 

Cylinder  flange 
Cylinder  boss 
Beam  flange 
Barrel 

Torsion 

External  Diameter 
Wall  Thlokness 

Shear 

Pin  Dlometor 

Shearing  Plate  Thickness 

Bearing 

Pin  Diameter 
Plate  Thickness 

II 

tl 

Lug 

Bending 

Cast  Test  Bars 


Nuniber  of  Specimens 
per  Set 


163 

All  other 
materials 

10 

12 

6 

•m 

6 

10 

6 

11,3  nominal 

10 

3 

1 ,0  nominal 

- 

9 

0,74  nominal 

- 

3 

1 

1,00  " 

- . 

3 

1.25 

10 

3 

3 

9 

3 

3 

Various 

Various 
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TABIE  III 

Means  of  Tensile  Test  Valueg 


Fart  of  Casting 


BS 


F Cylinder  flanges  4.44  9 

Cylinder  boss  3.87  8 

Beam  flanges  5*24  8 

Barrel  4*50  6 

All  parts  oonblned  4«51  27 


G Cylinder  flanges 
Cylinder  boss 
Beam  flanges 
Barrel 

All  parts  ooablned 


B Cylinder  flanges 
Cylinder  boss 
Beam  flanges 
Barrel 

All  parts  ocmblned 


H Cylinder  flanges  10.58  10  11.26 

Cylinder  boss  - - - 

Beam  flanges  - - - 

Barrel  10.11  10  11.06  10 

All  parts  oonblned  10.34  20  11, l6  20 


K Cylinder  flanges  11.59  10  12.64  10  13.94 

Cylinder  boss  - - - - » 

Beam  flaxiges  > km 

Barrel  11.42  10  12,38  10  - 

All  parts  oonbined  11,51  20  12,51  20  - 


DTD  133B  0 Cylinder  flanges  7.03  12 

Cylinder  boss  6.97  6 

Beam  flanges  7.23  6 

Barrel  6,72  6 

All  parts  ooil?lned  7.00  30 

D Cylinder  flanges  8.18  12 

Cylinder  boss  7.02  6 

Beam  flanges  7.90  6 

Barrel  7.88  6 

All  ports  oonbinad  7.83  30 


165  H Cylinder  flanges 
Cylinder  boss 
Beam  flanges 
Barrel 

All  parts  ooil>lned 


12 

5 

6 
6 

7.81129 


9.11  12 

7.90  6 

8.90  6 
8.72  61  9.94 
8.75  30110,04 


15.87  10  9.70  10 
18.74  20  9.^  20 


16.94  10  9.19  10 


14.24  1 0 9,51  10 
15.59  20  9.35  20 


10  8,51  10 


10  9.90  10 
20  9.21  20 


12  10,49  12 
6 10,26  6 
6 10.12  6 
6 10,91  6 
30  10A5  30 


9.33  12 
10,27  6 
9.22  6 
10,48  6 
9.73  30 
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TABLE  III  (Contd.) 


Means  of  Tanelle  Test  ValaeB 

for  Each  Part  of  Casting  (oontd.) 


DTD  2kJ0 


nw  2t^5 


DTD  250 


DTD  255 


DTD  287 


DTD  298 


Part  of  Casting 


(oontd.) 

P Cylinder  flanges 
Cylinder  boss 
Beam  flanges 
Barrel 

All  parts  oombined 


G Cylinder  flanges 
Cylinder  boss 
Beam  flanges 
Barrel 

All  parts  oombined 


F Cylinder  flanges 
Cylinder  boss 
Beam  flanges 
Barrel 

All  parts  combined 


S Cylinder  flanges  13.20  12 

Cylinder  boss  12.^8  S 

Beam  flanges  13 .42  6 

Bairel  1 2,30  6 

All  pairts  oombined  12,96  3C 


E Cylinder  flanges  9M  12 

Cylinder  boss  9.89  b 

Beam  flanges  11.33  6 

Barrel  10,12  6 

lAll  parts  combined  10.0A  30 


E Cylinder  flanges 
Cylinder  boss 
Beam  flat^es 
Barrel 

All  parts  oombined 


A. 68  12  16,48 
4,06  4 " 

4.92  6 16.57 
3.73  6 - 

4.A4  28  16,1^ 


13,12  12 
12,86  5 
14.45  6 
13,00  6 
13.32  30 


6.56  12  10,51 
5.76  6 10.02 
7.37  6 10.94 
4.23  5 10.83 
6.16  29  10.55 


12  10,98  12 
6 12,08  6 
6 11.32  6 
6 11,19  6 

30  11.31  30 


18,54  7 


A Cylinder  flwges 
Cylinder  boss 
Beam  flanges 
Baxrel 

All  parts  oombined 


B Cylinder  flanges 
Cylinder  boss 
Beam  flanges 
Barrel 

All  parts  oaii>ined 


19,10  12  9 
16,78  6 9 
20,28  6 10.30 
16,44  6 10.02 
18,31  30  9,96 


8.48  12 
7.47  6 

8.27  6 
7,88  6 


6.79  12  7.89  12 
5*96  6 6.89  6 
6.35  6 7.39  6 
6.88  6 7.89  6 
6.55  30  7.59  30 
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TABLE  III  (Contd,) 

Means  of  Tmalle  Test  Values 

for  Saoh  ^art  of  Casting  Toont d , ) 


Material 

Speoifi- 

oation 

0 

to 

Part  of  Casting 

*1 

*2 

"=5 

- ft 

E 

X 

n 

X 

n 

X 

— 

X 

n 

X 

D 

Aluminium  Allovs  (contd.') 

DTD  3CX) 

A 

Cylinder  flanges 

12.92 

12 

14.16 

12 

15.94 

11 

16.73 

12 

8.63 

12 

Cylinder  boas 

13.19 

6 

14.13 

6 

15.03 

5 

18,06 

6 

9.90 

6 

Beam  flanges 

IS.Oif 

6 

16.35 

6 

18.15 

6 

19.68 

6 

9.i)4 

6 

Barrel 

14.91 

6 

15.96 

6 

17.65 

6 

18.55 

6 

9.17 

6 

All  parts  oonbined 

13.80 

30 

14.95 

30 

16.62 

28 

17.95 

30 

9.15 

30 

B 

Cylinder  flanges 

9.05 

12 

10,08 

12 

11.29 

12 

15.73 

12 

10.44 

12 

Cylinder  boas 

8.95 

6 

9.70 

6 

10.74 

6 

12.34 

6 

9.94 

6 

Beam  flanges 

9.88 

6 

10.82 

6 

12.04 

6 

13.72 

6 

9.65 

6 

Barrel 

9.66 

6 

10.50 

6 

11.64 

5 

12.20 

6 

10.08 

6 

All  parts  OGDiblned 

9.32 

30 

10,24 

30 

11.39 

29 

13.94 

30 

10.11 

30 

DTD  30^^ 

A 

Cylinder  flanges 

12,11 

12 

13.26 

12 

14.82 

12 

16.75 

12 

10,41 

12 

Cylinder  boas 

12,46 

6 

13.40 

6 

14.72 

6 

18.13 

6 

9.87 

6 

Beam  flanges 

12.61 

6 

13.80 

6 

15.38 

6 

17.04 

6 

10,64 

6 

Barrel 

12.88 

6 

13.85 

4 

15.23 

4 

16.04 

6 

9.54 

6 

All  parts  oonbined 

12.44 

30 

13.49 

28 

14.98 

28 

16.94 

30 

10,16 

30 

'S 

Cylinder  flanges 

10.69 

12 

11.85 

12 

13.50 

12 

19.70 

12 

10.96 

12 

Cylinder  boss 

10,62 

6 

11.55 

6 

12,88 

6 

16.75 

6 

9.94 

6 

Beam  flanges 

11.75 

6 

12,68 

6 

14.10 

6 

18.03 

6 

9.37 

6 

Barrel 

11.65 

6 

12.67 

6 

14.10 

6 

18,09 

6 

10.77 

6 

All  parts  oonbined 

11,08 

30 

12,12 

30 

13.61 

30 

18,45 

30 

10.40 

30 

DTD  hfik. 

C 

Cylinder  flanges 

6,24 

12 

7.31 

12 

8.69 

— 

10 

10,09 

12 

10,49 

12 

Cylinder  boss 

5.06 

6 

6,10 

6 

7.87 

6 

10,42 

6 

10.35 

6 

Beam  flanges 

5.95 

6 

6.95 

6 

8.69 

6 

9.86 

6 

10.53 

6 

Barrel 

5.04 

6 

5.99 

6 

7.70 

6 

10.02 

6 

10.92 

6 

All  parts  oonbined 

5.71 

30 

6.73 

30 

8.30 

28 

10.10 

30 

10,56 

30 

D 

Cylinder  flanges 

6,56 

11 

7.62 

11 

8,67 

8 

9.82 

12 

10.51 

12 

Cylinder  boss 

5.68 

6 

6.70 

6 

8.33 

6 

8.62 

6 

10,96 

6 

Beam  flanges 

5.51 

6 

6.47 

6 

8,20 

6 

9.85 

6 

9.55 

6 

Barrel 

6,07 

6 

7.04 

6 

8.66 

6 

9.11 

6 

10.25 

6 

All  parts  oonbined 

6.06 

29 

7.07 

29 

8.48 

26 

9.44 

30 

10.36 

30 

H 

Cylinder  flanges 

7.35 

12 

8.56 

12 

10.2A 

12 

11.70 

12 

10.33 

12 

Cylinder  boss 

6.33 

6 

7.45 

6 

9.23 

6 

9.98 

6 

10.60 

6 

Beam  flanges 

6.87 

6 

8,04 

6 

9.94 

6 

11.22 

6 

10.41 

6 

Barrel 

6.89 

6 

7,90 

6 

9.58 

6 

10.89 

6 

10,20 

6 

All  parts  oonbined 

6,96 

30 

8,10 
I.  , - . ■ 

30 

9.93 

30 

11.10 

30 

10.38 

30 
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TAKLE  : 


RtiTimArv  of  Tensile  Test  Mean  Strength  Vt 


Material 

Specification 

h . 

h 

Source 

X 

n 

X 

Aluminium  Alloys 

m 

BS  L33 

y 

4.51 

15.2 

27 

5.09 

mm 

Or 

4.61 

8.9 

28 

5.28 

WSm 

P and  G combined 

4.56 

12.3 

55 

5.19 

IEhI 

BS  153 

B 

•!1.i44 

7.7 

20 

8.0 

H 

10.34 

7.0 

20 

5.0 

K 

11.51 

6.1 

20 

12.51 

6.0 

B,  H and  K combined 

11.09 

8.4 

60 

8.2 

DTD  133B 

C 

7.00 

8,7 

30 

7.81 

8.0 

D 

7.83 

8.6 

30 

8.75 

7.9 

C and  D combined 

7.41 

10.4 

60 

8.29 

9.7 

■ 

DTD  165 

H 

6.51 

5.0 

30 

7.18 

5.4 

1 

J 

6.09 

5,2 

30 

6.83 

4.3 

■ 

H and  J conibined 

6.30 

6.1 

60 

7.00 

WBBM 

■ 

DTD  22*.0 

F 

7.80 

1 

G 

7,82 

wEm 

■ 

F and  G combined 

7.81 

■IraB 

8.76 

IHiSi 

■ 

DTD  2U5 

F 

7.6 

22 

15.15 

6.9 

1 

G 

7.2 

30 

14,44 

6.9 

■ 

• 

F and  G combined 

13.40 

8.4 

52 

14.75 

7.3 

■ 

DTD  250 

E 

10.04 

12.9 

30 

11.42 

9.0 

_ 

DTD  255 

E 

16.8I 

4.8 

28 

18.77 

■ 

DTD  287 

E 

5.73 

10.9 

30 

6.70 

wEsm 

■ 

DTD  298 

A 

9.61 

■Ha 

El 

1^9 

6.5 

1 

B 

5.85  . 

B&l 

HI 

11.3/ 

1 

A and  B combined 

_ r 

mBm 

wbM 

wttrnm 

■ 

DTD  300 

A 

10,8 

30 

■LUM 

10,2 

1 

B 

9.6, 

30, 

9.0, 

1 

A and  B combined 

mBtm 

_ r 

- / 

■ 

DTD  30t 

A 

WSM 

■I 

13.49 

6.4 

1 

B 

mBm 

mm 

12,12 

14.2 

1 

A and  B combined 

ig 

12.78 

12.0 

■ 

DTD  A-24 

n 

5.1^ 

6.73 

14.3 

1 

D 

6,06 

mm 

7.07 

12.1 

■ 

H 

6.96 

mm 

8,10 

9.3 

1 

C , D and  H combined 

6.24 

89 

7.30 

14.3 

■ 

s 

1 

DTD  281 

D 

6.00 

21.5 

30 

7.48 

22.6 

1 

H 

5.85 

11.1 

30 

7.17 

10.4 

1 

4.75 

12,2 

30 

5.95 

13.3 

1 

5.54 

18.8 

90 

6.86 

19.4 

1 

DTD  289 

c 

4.23 

8,0 

30 

5.15 

1 

E 

4.87 

11.0 

27 

5.96 

1 

J 

4.74 

7.2 

30 

5.89 

1 

C,  E and  J combined 

4.60 

10.7 

87 

5.66 

1 

* Flange  material  only. 


/ 
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t;j3le  V 


Moans  of  Torsion  Teat  Values 


Material 

Specification 


iiluitdnium  AUo 


L33 


18 


i 
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TJLBia  VI 

of  Shear  Teat  Va3 


VO  VO 
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TABLE  VII 

Means  of  Bearing  Test  Values  - 


Material 

Specification 

Source 

Ratio: 

Hole  Diameter 
Sheet  Thickness 

(nominal) 

0.74 

1.00 

1.25 

X 

— 

n 

X 

n 

m 

X 

n 

Aluminium  Alloys 

L33 

P 

14.30 

3 

11.77 

3 

10.69 

3 

tr 

G 

16.33 

3 

13.34 

3 

12.32 

3 

•153 

B 

> 

- 

23.99 

10 

n 

H 

-1 

- 

- 

- 

20,91 

10 

ti 

K 

- 

m 

24.01 

10 

DTD  133B 

C 

20.30 

3 

18.83 

3 

17.52 

3 

tf 

j' 

16.70 

1 

19.57 

3 

18.34 

2 

DTD  16«5 

H 

19.77 

3 

17.30 

3 

16,63 

3 

n 

J 

19.21 

3 

17.28 

3 

15.57 

3 

DTD  240 

P 

19.99 

3 

18.73 

3 

17.07 

3 

It 

G 

21.21 

3 

20,39 

3 

18.52 

3 

DTD  245 

P 

m 

26.20 

1 

25.93 

3 

It 

G 

31.83 

3 

30.50 

3 

29.90 

3 

DTD  250 

E 

26.90 

3 

25.90 

3 

25,20 

3 

DTD  255 

E 

37.50 

3 

35.00 

3 

34.40 

3 

DTD  287 

E 

23.30 

3 

21.20 

3 

19.50 

3 

DTD  298 

A 

25.70 

3 

23.47 

3 

22,53 

3 

II 

B 

17.97 

3 

16.28 

3 

15.53 

3 

DTD  300 

A 

32.63 

3 

29.27 

3 

28,47 

3 

II 

B 

25.87 

3 

23.00 

3 

23.13 

3 

DTD  304 

A 

29.90 

3 

26.70 

3 

26.97 

3 

It 

B 

28.93 

3 

27.47 

3 

26.87 

3 

DTD  424 

C 

19.87 

3 

17.63 

3 

16,07 

3 

II 

D 

21.09 

3 

17.83 

3 

17.12 

3 

It 

H 

23.70 

3 

22.13 

3 

20,87 

3 

Mamesium  Alloy 

B 

DTD  281 

D 

18.13 

3 

15.83 

3 

14.77 

3 

If 

H 

17.84 

3 

16.05 

3 

14.81 

3 

If 

J 

19.40 

3 

15.97 

3 

15.23  . 

3 

DID  289 

C 

15.67 

3 

13.92 

3 

12.52 

3 

tr 

E 

15.54 

3 

13.06 

3 

12.37 

3 

ft 

J 



16.28 

3 

14.47 

3 

12.90 

3 

* The  extension  Is  assmed  equally  divided  between  the  two 
test  holes.  The  values  are  derived  by  the  "offset"  method, 
except  for  153 , for  which  a method  measuring  title  aotual 
permanent  set  was  used.  Evidence  at  present  is  that  the 
’permanent  set*  method  gives  values  about  10^  lower  than 
the  'offset'  method. 
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Material 
SpaolfL-  Souroe 
oation 


Tetifllon  Flax)ge 


®0.5  ®1  ®2 


Con^resslon  Flange 


DTD  133B 


DID  240  F 

II 

a 

DTD  245 

F 

II 

G 

DTD  250 

£ 

DTD  255 

E 

DTD  287 

E 

DTD  298 

A 

N 

B 

DTD  300 

A 

n 

B 

DTD  304 

A 

n 

B 

DTD  424 

C 

N 

D 

n 

H 

MaccneeiiiD  Alloys 

DTD  281 

D 

3.91 
4.50 
12.19 
11.68  12.52 
12,35  13.33 
7.53  8.67 
8.64  9.70 
8,56 
8.62 
8.47 
9.60 
17.76 
15.79 
12.28 
20,28 
10.38 
13.30 
8.46 
16.07 
14.62 
16,00 
14.83 
7.55 
8.14 
8.95 


13.22 

14.60 

9.94 

11.07 
9.59 
9.72 
9.90 

11.12 

19.31 

17.85 

14.29 

10.36 

14.40 

9.64 

18.08 
16.15 
17.70 
17.07 

8.97 

9.11 

10.59 


9.73 

11.73 

8.52 

8.92 

8.92 
10,14 

9.98 
9,70 
9.14 

10.28 

10.07 
10.28 

9.69 

10.13 

20.07 
9,68 
9.62 
9,89 
9.86 
9.23 

10.42 

9.99 
10.75 

9.31 

10.11 


3.95 

4.46 

13.43 

11.97 

13.10 

8,25 

9.43 

7.89 
8.16 
7,50 

8.90 
17.63 
14,01 
11.20 
20,14 

9.82 

13.46 

8,66 


13.93  14.76 
14.88  16,09 
13,25  14.46 
6.86  7.95 


13.07 

14,17 

9,32 

9.94 

8,71 

8,99 

8,77 

10.47 

18.45 

16,23 

13.19 


5.43  9.95 
6,51  12.26 
15.60  8.91 
13.99  9.21 
15.35  9.11 
10.33 
11.40 
9,64 
10.31 
10,12 

10.95 

19.95 
18,53 
14.92 

m 

11.09 

e* 

10,75 
- 9,25 

17.06  10.12 
9.89 
9,32  10.77 
9.61  11.17 
10,66  10,27 


6.36  8,20 

5,57  6.76 


Ulti- 

mate 

Stxess 

Bp 


11.56 

14.34 
21.53 
20.61 
19.56 

13.15 
14.92 
15.55 

10.89 
13,59 
14.72 

20.16 

22.35 
'20.22 
21.10 
12.61 
17.13 
17.62 
23,95 
19.99 

23.89 
21,74 
13.48 
11.97 
14.31 


17.22 

15.74 

14.18 

16.24 

15.25 
15.69 


* The  valuee  are  means  of  not  more  than  three  results 
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TABLE  X 

Means  of  Tensile  Test  Values  from  Cast  Test  Bars 


Material 
Specifi-  Source 
cation 


AlvBainlum  Allovs 


L33 

p 

n 

G 

153 

B 

ti 

. H 

It 

K 

DTB  133B 

G 

ft 

D 

DID  165 

H 

It 

J 

DTD  240 

F 

II 

G* 

DTD  2k5 

P 

It 

G 

DOD  250 

E 

DTD  255 

E 

DTD  287 

E 

DTD  298 

A 

It 

B 

DTD  300 

A 

11 

B 

DTD  304 

A 

II 

B 

DTD  424 

C 

It 

D 

11 

H 

DTD  2S1 

D 

It 

H 

It 

J 

DOD  289 

C 

It 

E 

If 

J 

3.89 

3.i4.7 

12.a 

12.79 

13.24 

7.16 
7.51 
4.84 

6.17 
6.80 
5.69 

14.33 

12.19 

11.86 

18.01 

6.66 

8.82 


4.49 

4.18 

13.34 

13.66 

14.26 

8.03 

8.49 
5.45 
6.81 
7.96 

6,98 

15.83 

13.27 

12.98 

19.21 

7.65 


12.72  3 13.64 

4.21  3 5.29 

6.19  3 7.31 

6.06  8 7.23 


5.75 

5.53 

14.68 

15.10 

15.85 

9.93 

6.32 

7.59 

9.60 

8.79 

16.30 

14.75 

14.72 


14.99 


9 10.30  9 

3 10.42  3 

12  21.82  12 

6 19.98  6 

22,08  10 
11.72  3 

12.19  3 
11.72  10 

9.22  3 

11.40  16 
11.60 
17.05 

15.84 

15.57 
19.55 

10.58 
15.77 

14.19 

17.85 
17.43 
18.31 

18.59 
9.55 

10.45 
11.04 


18.34 

13.23 

16,29 

16.32 

15.79 

14.63 


0.72 

1.14 

0.63 

0,07 

0,19 

1.06 

1.76 

0.64 

9.70 

0.13 

11.85 

IC.9I 

10,01 

10,66 

9.95 

9.59 

9.38 


9.66  3 

10.89  3 

10.40  3 

10.27  8 


* One  specimen  fVom  this  source  had  a coarser  and  darker  grain  structure 
and  lower  test  values  than  the  other  two.  The  mean  values  are 
coirespondingly  lower. 
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.fiAl  Strength  Data  for  Lirfit  Alloy  Oasti 
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1 

i 

i 


‘Tiw.g  *m 

ff>frr»lation  Data 

(Aimintm  Mtew  tniy) 


PropcrtlM  CorrtlBtad 

Mean  Biuatlon  of  Line 

n 

IS 

El 

0 0 

Casting  - 

Tast  bar  t^ 

Castli«  t^- 0.61  X Test  bar  t^  +1.7 

0,940 

+ I2.i« 

Casting  - 

Test  bar  f^ 

Casting  fj-0.97»Test  bar  fj  +0.09 

0.970 

+ 5.9H 

Casting  t2  - 

Casting  tf 

tg  - 1.07  t^  + 0.4 

0.998 

1 2.8R 

Casting  tj  - 

Casting  t^ 

tg  “ 1#12  + 1 «57 

0,992 

1 5.m 

Casting  - 

Casting  t^ 

“ 0*87  + 5s6 

0.870 

±16.41 

Casting  - 

Casting  t.| 

q.,  - 0.63  t^  - 0.8 

0.924 

+ 24.Q1 

Casting  f , - casting  f, 

hA  « 

0.71  ft  + 1.25 

0.843 

± 17.41 

Casting  tg  - 

Casting  f^ 

tg  - 0.79  ft  + 1.5 

0.868 

± 15.CII 

Casting 

casting  tg 

fqj^-  0.76  fg  + 1.3 

0.664 

tlit.* 

Pin  diameter 
-0.74 

b^Q  - 1.72  t^  ♦ 8.8 
b^j,  - 1.58  t,  + 7.9 

0.942 

+ 9.SN 

Casting  ^ 

Sheet  thloKness 

Pin  diameter 
Sheet  thlokness 

0.944 

± 9.96 

- Casting  t<| 

Pin  diameter 

b^jj  - 1.64  t^  + 6.3 
b,Q  - 1.62  t^  + 7.8 

0.947 

+ 9.SR 

Sheet  thlokness 
^All  ratios  oonOlned 

0.917 

+ I5.CJI 

Casting  - 

Casting  t^ 

Bi  - 1.15  l,  ♦ 1.3 

0.960 

± 16,1* 

Casting  B|.  - 

Casting  ff 

Bf,  - 1.19  ft  ♦ 1.3 

0.951 

± 8.31 

« casting  Ho(tenslla)  ' M 

L,t^  - 0.95  t,  +1.9 

0.932 

± 13.0* 

^ Casting  L,o(shaar)  “ 

■ 0*i*3  + 1,9 

0.932 

±11.4( 

« casting  ^ 

1.01  fj-1.3 

0.918 

± 13.9* 

f Casting  iT(rtMar)  " ^t 

- 0.50  ft  + 0.36 

0.952 

± 9.31 

* Valuas  for  Lug  No.3  usa<L 

^ Valuas  for  Lug  N0.I  used. 

1 ^ 


RESTRICTfD 


Report  No.  Structures  160 


TAHiE  XIV 


Mean  Valuea  and  Oeffielenta  of 
Variation  o^  tiie  .Elaatio  Moduli 


Material 

E 

G 

X 

vj? 

n 

X 

'/fo 

n 

Aluminium  Alloys 

10.27  X 106 

11.1 

825 

3.76  X 10^ 

9.3 

186 

Magnesium  Alloys 

6.27  X 10^ 

13.6 

214 

2.38  X 10^ 

10.3 

36 

FIG.3  COMPARISON  OF  MEAN  TENSILE  TEST  STRENGTHS  FOR  VARIOUS  FOUNDERS  & MATERIALS 
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